OBJECTIVE: To examine recurrent preterm birth and early term birth in women's initial and immediately subsequent pregnancies.
METHODS:
This retrospective cohort study included 163,889 women who delivered their first and second liveborn singleton neonates between 20 and 44 weeks of gestation in California from 2005 through 2011. Data from hospital discharge records and birth certificates were used for analyses. Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated using logistic regression models adjusted for risk factors.
RESULTS: Shorter gestational duration in the first pregnancy increased the risk of subsequent preterm birth (both early, before 32 weeks of gestation, and later, from 32 to 36 weeks of gestation) as well as early term birth (37-38 weeks of gestation). Compared with women with a prior term birth, women with a prior early preterm birth (before 32 weeks of gestation) were at the highest risk for a subsequent early preterm birth (58/935 [6 CONCLUSION: Both preterm birth and early term birth are associated with these outcomes in a subsequent pregnancy. Increased clinical attention and research efforts may benefit from a focus on women with a prior early term birth as well as those with prior preterm birth.
(Obstet Gynecol 2016;0:1-9) DOI: 10.1097/AOG.0000000000001506 P reterm birth (before 37 weeks of gestation) affects more than 1 in 10 newborns in some populations and is a leading cause of neonatal death and long-term morbidity. 1, 2 Early preterm birth (before 32 weeks of gestation) is associated with the highest risk for shortand long-term morbidity and mortality. 3, 4 Prior preterm birth, overall or by delivery subtypes, increases the risk for a subsequent preterm birth. 5, 6 Other risk factors for recurrent preterm birth include black race, underweight maternal body mass index, maternal smoking, short interpregnancy interval, and short cervical length. 7, 8 Increasingly, data have shown that the risk for recurrent preterm birth is influenced by prior gestational duration, wherein the earlier the prior birth, the higher the risk for a subsequent preterm birth.
Whether this risk extends to "early term birth" (37 and 38 weeks of gestation) is not clear. Those born at 37 and 38 weeks of gestation have been shown to have poorer mortality and morbidity outcomes 9, 10 and pregnancies delivering at these time points have been shown to have a greater likelihood of pathologic placental conditions closely tied to preterm birth (ie, chronic uteroplacental malperfusion). 3 This study sought to gain a better understanding of the relationship between gestational durations in two pregnancies by examining risks for preterm birth and early term birth in women with their first two singleton deliveries in California from 2005 through 2011. We specifically tested the hypothesis that women with an early term birth in the first pregnancy would be at increased risk for a subsequent preterm birth in their next pregnancy.
MATERIALS AND METHODS
This retrospective cohort study included 163,889 mother-first child-second child triads drawn from a 7-year birth cohort of 3,767,337 singleton live births in California from 2005 through 2011. Sample selection proceeded by first identifying 700,634 women who delivered two or more singleton live births between 2005 and 2011 based on birth certificate files using linkage algorithms that leveraged identifiers and other data including first and last name (married or maiden), date and place of maternal birth, address, phone number, and reported month and year of delivery of the first pregnancy as reported in the second.
For this study, we focused specifically on women in the cohort who delivered two consecutive singleton live births in their first and second pregnancies between 20 and 44 weeks of gestation during the study period and had linked hospital discharge records available through the California Office of Statewide Health Planning and Development. Gravidity and parity reported on the birth certificate were used to exclude women who had a pregnancy or pregnancies before the study period and who had miscarriages, elective abortions, stillbirths, or deliveries outside of California between the first and second births. Gestational age at delivery was classified based on "best obstetric estimate" reported on the birth certificate, which relies on ultrasound dating where present along with last menstrual period. 11, 12 Sample selection steps are listed in Appendix 1, available online at http://links.lww.com/AOG/A824.
Participants were categorized into four outcome groups based on the length of gestation in the second pregnancy (before 32, 32-36, 37-38, and 39 weeks of gestation or more). Length of gestation in the first pregnancy was divided into these same four subgroups and further categorized into before 32, 32, 33, 34, 35, 36, 37, 38, and 39 weeks of gestation or more. For this analysis, each gestational age included completed weeks such that, for example, 32 weeks of gestation included women delivered at 32 0/7 to 32 6/7 weeks of gestation.
Demographic characteristics derived from birth certificate data included maternal age, race or ethnicity, education, country of birth, interpregnancy interval, paternity change between pregnancies, and Medi-Cal (California Medicaid) payment for the delivery. Interpregnancy interval was estimated as months from the birth date of the first pregnancy to conception of the second pregnancy (calculated by birth date and gestational length of the second pregnancy). Paternity change was determined by comparing the identifiers for the father (name and date of birth) on the birth certificate in the first pregnancy with those in the second. Smoking and cesarean delivery were coded as yes if either was reported on the hospital discharge record or the birth certificate. Coding for hypertension (any, pre-existing with and without preeclampsia, gestational with and without preeclampsia), diabetes (any, pre-existing, and gestational), urinary tract infection (UTI) without an indwelling catheter, other non-UTI infection, maternal anemia, illicit drug abuse, mental disorder, and delivery subtypes (spontaneous and medically indicated) was based on the International Classification of Diseases, 9th Revision, Clinical Modification 13 four-digit codes contained in the hospital discharge files.
Pregnancies resulting in spontaneous preterm birth were considered to be those in which hospital discharge records or birth certificate indicated premature rupture of membranes, premature labor, or those in which tocolytic medications were administered. Pregnancies resulting in medically indicated birth were considered to be those without premature rupture of membranes, premature labor, or tocolytic administration for which there was a code for "medical induction" or "artificial rupture of membranes" or for which there was a cesarean delivery without any of the aforementioned codes.
We first examined the relationship between maternal characteristics and obstetric factors across pregnancies with outcomes in the second pregnancy to identify variables associated with our outcomes of interest. Initially, crude odds ratios (ORs) and their 95% confidence intervals (CIs) derived from logistic regression were used to measure the relationship between each of the maternal characteristics and obstetric factors across pregnancies and gestational
Copyright Ó by The American College of Obstetricians and Gynecologists. Published by Wolters Kluwer Health, Inc.
Unauthorized reproduction of this article is prohibited.
length in the second pregnancy (before 32, 32-36, and 37-38 weeks of gestation compared with 39 weeks of gestation or more). We then examined the relationship between gestational age in the second pregnancy and gestational age in the first pregnancy (by before 32, 32-36, and 37-38 weeks of gestation compared with 39 weeks of gestation or more groupings and then by before 32, 32, 33, 34, 35, 36, 37, 38 weeks of gestation compared with 39 weeks of gestation or more groupings) adjusting for factors in the crude analyses that were shown to be associated with preterm birth at P,.05. Subanalyses were also conducted that examined patterns by preterm birth subtypes of spontaneous and medically indicated. All analyses were performed using SAS 9.3 and were based on data received by the Genetic Disease Screening Program at the California Department of Public Health as of February 1, 2015. Methods and protocols for the study were approved by the Committee for the Protection of Human Subjects within the Health and Human Services Agency of the State of California. Data are n (%) or adjusted odds ratio (95% confidence interval) unless otherwise specified. Adjusted for maternal and obstetric factors in both pregnancies (maternal age, education, mother's birth place, Medi-Cal for delivery, smoking, pre-existing and gestational hypertension with or without preeclampsia, pre-existing and gestational diabetes, urinary tract infection, anemia, drug abuse, and mental disorder), maternal race or ethnicity, cesarean delivery at the first pregnancy, interpregnancy interval, and paternity change between.
women with pre-existing hypertension and preeclampsia in both pregnancies (OR 88.2, 95% CI 28.8-269.9).
Other notable associations included an increased risk for preterm birth and early term birth in women with pre-existing diabetes across both pregnancies (OR 4.3, 95% CI 1.9-9.7, OR 3.6, 95% CI 2.5-5.0, and OR 2.8, 95% CI 2.3-3.5, respectively, for birth before 32 weeks of gestation, 32-36 weeks of gestation, and early term birth). Women with a UTI (without catheter insertion) at discharge for the second pregnancy and those who reported illicit drug "addiction or abuse" (eg, marijuana, methamphetamines, or cocaine) in the second pregnancy only were also at substantially increased risk for birth before 32 weeks of gestation (OR 9.0, 95% CI 6.4-12.7 and OR 7.1, 95% CI 4.4-11.5, respectively).
Gestational age (by preterm birth subgroup and by specific week) at delivery in the first pregnancy was found to be associated with preterm birth (before 32, 32-36 weeks of gestation) and early term birth in the Unauthorized reproduction of this article is prohibited. 3) when compared with women with the first pregnancy birth at 39 weeks of gestation or more. Similar associations were found when delivery subtypes of spontaneous and medically indicated in both pregnancies were examined with some indication of stronger associations when both pregnancies resulted in spontaneous deliveries (Table 4) . When the second pregnancy outcomes were examined by specific gestational week at delivery in the first pregnancy, an increase in risk for preterm birth by each decrease in gestational week at the first birth was observed. This pattern extended through 37 and 38 weeks of delivery, wherein women with a delivery in their first pregnancy at 37 or 38 weeks of gestation were at increased risk for delivering preterm or early term in their subsequent pregnancy. The rates and adjusted ORs were 0.6% and 2.6 (95% CI 1.9-3.4), 7.8% and 4.5 (95% CI 4.1-4.9), and 40.2% and 2.6 (95% CI 2.5-2.7), respectively, for birth before 32 weeks of gestation, 32-36 weeks of gestation, and early term birth in those with a delivery at 37 weeks of gestation in the first pregnancy compared with 0.3%, 0.5%, and 22.6%, respectively, in those with a delivery at 39 weeks of gestation or more in the first pregnancy. For those with a delivery at 38 weeks of gestation in their first pregnancy, the rates and adjusted ORs were 0.4% and 1.7 (95% CI 1.4-2.2), 5.0% and 2.5 (95% CI
DISCUSSION
This study confirms that a prior preterm birth increases the risk for a subsequent preterm birth with higher odds among those with a prior early preterm birth. 6, 14, 15 Risks extend to both spontaneous and indicated prior preterm birth. 5, 16 Women with a prior early term birth are also at increased risk for subsequent preterm birth.
Although early term birth has been associated with a higher risk for mortality and morbidities 9, 10, 17 and with pathologic placental conditions, namely chronic uteroplacental malperfusion, 3 this is the first study to demonstrate preterm birth and early term birth in association with subsequent preterm birth and early term birth based on a systemic literature search in PubMed undertaken on April 5, 2016, and using terms of (early term birth) AND (preterm birth) AND (recurren* OR subsequent) with no date and language restrictions.
This study confirms a number of risk factors associated with recurrent preterm birth including black race, short interpregnancy interval, illicit drug use, pre-existing and gestational hypertension, preexisting diabetes, and UTI. 8, [18] [19] [20] Like others, the risk of recurrent preterm birth is stronger for women with a birth before 32 weeks of gestation compared with 32-36 weeks of gestation. 5, 6, 16, 20, 21 The risk increases by each week of earlier gestation of a prior preterm birth.
Although the association between prior and recurrent preterm birth is well established, mechanisms underlying this association are not well understood. Genetic, environmental, and behavioral risk factors contribute to recurrence risks both independently and in combination. 22 Women with recurrent preterm birth (spontaneous and indicated) are more likely to have recurrent intrauterine infection, repeated placental complications, and chronic maternal diseases (eg, hypertension) than women with one preterm birth. 6, 23 Our observation that 1) preterm birth and early term birth in the first pregnancy were associated with subsequent preterm birth and early term birth and that 2) their recurrence shared common risk factors (eg, pre-existing hypertension, diabetes) suggests that preterm birth and early term birth share common etiologies and may reflect a continuum of risk related to gestational duration of less than 39 weeks of gestation.
Our findings provide a better understanding of early term birth and the importance of continuation of gestation beyond 38 weeks of gestation. 24 Although the association of prior early term birth with subsequent preterm birth is less strong than prior preterm birth (Table 2) , many more women fall in this category, making this an important risk factor to the overall societal burden of preterm birth.
Study strengths include the population-based design and the broad range of data including maternal, obstetric, and behavioral factors. The large sample size also allowed for stratified analysis by gestational weeks and delivery subtypes of spontaneous and medically indicated.
Several study limitations should be considered. First, the study cohort was limited to the first two consecutive live singleton births delivered in California between 2005 and 2011. The observed patterns need to be further investigated in women with higher gravidities and parities, in women with history of miscarriage, elective abortion, and stillbirth, in spontaneous preterm birth subcategories (eg, preterm premature rupture of membranes), and by placental abnormalities (eg, placental previa or abruption). The study sample was composed of a small percentage of black women and a large proportion of women with some college education (Appendix 6, available online at http://links.lww.com/AOG/A824). Follow-up in other populations is needed to determine if patterns are similar. This study relied on data from hospital discharge records and birth certificates for analysis. Data were not available to examine other important risk factors for preterm birth (eg, maternal body mass OR, odds ratio; CI, confidence interval. Data are n (%) unless otherwise specified. * Not computed as a result of frequency less than 5. † Adjusted for maternal and obstetric factors in both pregnancies (maternal age, education, mother's birthplace, Medi-Cal for delivery, smoking, pre-existing and gestational hypertension with or without preeclampsia, pre-existing and gestational diabetes, urinary tract infection, anemia, drug abuse, and mental disorder), maternal race or ethnicity, cesarean delivery at the first pregnancy, interpregnancy interval, and paternity change between.
index, 7 income, 25 employment, 26 tocolysis, 27 assisted reproduction, 28 and cervical surgery 29 ). The existing data could not identify elective delivery at 37 and 38 weeks of gestation, which are important points for investigation as this area of work progresses. Hospital discharge records and birth certificates also had limited information for classifying deliveries at 37 and 38 weeks of gestation as spontaneous or medically indicated. Furthermore, approximately 30% of mothers with two or more singleton births during the study period were excluded as a result of no linkage to hospital discharge data (Appendix 1, available online at http://links.lww.com/AOG/A824). The effect of this exclusion is unknown. Another quarter of the remaining eligible patients had to be further excluded as a result of missing information on maternal and obstetric factors (Appendix 1, available online at http://links.lww.com/AOG/A824) although a differential effect (bias) is unlikely because those included and excluded had similar rates in preterm birth and early term (4.2% and 26.8% compared with 4.9% and 27.8%, respectively).
In summary, prior preterm birth and early term birth are associated with these outcomes in a subsequent pregnancy. Recurrent preterm birth and early term birth share common risk factors. More attention to prior early term birth may be warranted.
